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摘  要  
 
Nafion 基氧化还原聚合物膜在空气中












一、利用两种方法合成 Nafion 基氧化还原聚合物膜 
利用先成膜后交换和先交换（同时加入 PEG）后成膜两种方法制备 Nafion 基氧化
还原聚合物膜。Nafion[M(bpy)32+](M=Ru,Fe)氧化还原聚合物固体膜的厚度约 15μm，
Nafion[M(bpy)32+,PEG](M=Ru,Fe) 膜的平均厚度约为 20μm。后一种方法制作的三明治





明：两种膜的表观电荷传递扩散系数的 Dct 和μ在数量级上比较接近， Dct 为 10-7~10-6 




















，PEG] 膜的 Dct为 10-8 ~10-7cm2·s-1, 电
子或空穴迁移率 μ 为 10-7~10-6 cm2·V-1·s-1。 
（3）采用循环伏安法和交流阻抗法表征膜得到的 Dct 有一定的差异，主要因二种方法
的测量过程中氧化位和还原位浓度不同。 
三、在电极 ITO 与 Nafion 基氧化还原聚合物膜界面引入了导电聚苯胺层以提高膜和
电池的电荷传输性能。 
 （1） 循环伏安方法结果表明：在电极 ITO 与 Nafion 基氧化还原聚合物膜界面引
入了导电聚苯胺层后 ITO/PANI/Nafion[M(bpy)32+,PEG]/Au(M=Ru,Fe)固态三明治电池中
的 Nafion 基氧化还原聚合物膜的 Dct 和 μ 均有不同程度的提高，且工作电流提高了近
两个数量级，其电荷传输性能与 TPD 等传统的有机电荷传输材料接近 。Nafion 基氧化
还原聚合物膜的性能比较稳定，在空气中 30 天后其 Dct 和μ的数量级相近，性能下降不
大。 
（2）交流阻抗法结果表明：电极 ITO 与氧化还原聚合物膜界面加入导电 PANI 层后，
能有效地减少电池各个部分的阻抗，其中接触阻抗消失、ITO 电极上的电荷反应电阻和
Warburg 阻抗减小。Nafion[Ru(bpy)32+，PEG] 膜的 Dct为 10-7~10-6 cm2·s-1, 电子或空穴迁
移率 μ 为 10-5~10-4cm2·V-1·s-1 



























Charge Transport Performance of Nafion–based 
Redox Polymer Film in Atmosphere 
 
The redox polymer is a candidate of the solid organic charge (electron or hole) transport 
material. The redox polymer proposed by Bard and Murray has been applied for chemically 
modified electrodes for some time. Murray synthesized some polymer complexes and studied 
their charge transport performances in the absence of liquid solvents later, but these materials 
still bathed in polar organic solvent can’t be applied in the light emission and solar cell 
devices which must work in atmosphere. 
This thesis focuses on synthesizing several novel solid or quasi-solid organic charge 
transport materials, improving their charge transport performances and developing methods 
for estimating charge transport performances . The works can be divided into two parts: (1) 
Nafion–based redox polymer films are synthesized and sandwich-type cells are constructed, 
(2) The charge transport performances of Nafion–based redox polymer films and solid cells in 
atmosphere are characterized by cyclic voltammetry (CV) and ectrochemical impedance 
spetroscopy(EIS). Furthermore, the relationship between the charge transport performance of 
redox polymer film in sandwich-type cell and the electrode interface structure also were 
discussesd.  The main results are summarized as follows: 
1. Nafion–based redox polymer films are synthesized and sandwich-type cells are constructed 
with two methods.Their constructure parameters were studied. 
 The Nafion[M(bpy)32+](M=Ru,Fe) solid films prepared by drop-coating a Nafion 
solution on a ITO grass frist and exchanging H+ ions using M(bpy)32+ ions second (method 1) 
are about 15 micrometers in thickness.The Nafion[M(bpy)32+, polyethylene glycol 
(PEG)](M=Ru,Fe)  solid films prepared by drop-coating a Nafion solution containing 
M(bpy)32+ ions and PEG on a ITO grass (method 2) 20 micrometers in thickness. The 
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than ITO/Nafion[Ru(bpy)32+]/ Au’s. The concentration of the H+ sites in these Nafion films is 
about 0.13 mol.L-1. 
2． Characterization methods of charge transport performances of Nafion–based redox 
polymer films and sandwich-type cells in atmosphere using cyclic voltammetry (CV) and 
ectrochemical impedance spectroscopy (EIS) are established 
(1)  CV data anlysis method for characterizing the charge transport performances of 
Nafion–based redox polymer films is established. The apparent charge transfer diffusion 
coefficients,Dct,of the Nafion[Fe(bpy)32+,PEG] film and Nafion[Ru(bpy)32+，PEG] film in 
ITO/Nafion[M(bpy)32+,PEG]/Au(M=Ru,Fe) sandwich-type cells  are  about 10-6~10-7 
cm2·s-1 and the mobilities of the electrons or holes, μe or μh , are about 10-4~10-5 cm2·V-1·s-1.  
(2) The results of EIS show that both of electrodes have similar equivalent circuits which 
contain charge transfer resistance, Warburg impedance,constant phase element(CPE) which is 
related to interface double layer capacitance .The bulk impedance of film is ohmic. The Dct 、 
μ of Nafion[Ru(bpy)32+ ， PEG] film are 10-8~10-7cm2·s-1 and 10-7~10-6cm2·V-1·s-1, 
respectively . 
(3) There are some differences between the Dct of Nafion[Ru(bpy)32+，PEG] film 
obtained by CV and that by EIS .The main reason is that the concentrations of the oxidation 
and reduction sites in Nafion–based redox polymer films when experiments of CV and EIS 
are different. 
3. A polyaniline (PANI) layer is added to the interface of ITO electrode and the redox polymer 
film to improve the charge transport performances of Nafion–based redox polymer film and 
solid cell. 
(1) The results of CV show that the Dct and μ of the Nafion–based redox polymer film in 
ITO/PANI/Nafion[M(bpy)32+,PEG]/Au(M=Ru,Fe) sandwich-type cells could be increased and 
the operating current of the cells under 600mV bias could be increased by almost 100 times . 
The charge transport performance of this redox polymer films is comparable to some organic 
charge transport materials’. In addition, the Dct and μ of this redox polymer film have just 
reduced slightly after 30 d kept in atmosphere. Therefore, the redox polymer film is 
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(2) The results of EIS show that a conducting PANI layer added to the interface of ITO 
electrode and the redox polymer film can decrease the impedance of solid cell.contact  
impedance disappear , and charge transfer resistance 、Warburg impedance of ITO electrode 
decrease.The Dct 、 μ of Nafion[Ru(bpy)32+，PEG] film are 10-7~10-6cm2·s-1,and 10-5~10-4 
cm2·V-1·s-1,respectively . 
（3）Three different oxidized form PANI layers were added to the interface of ITO 
electrode and the redox polymer film . The results of EIS show that only partially-oxidized 
PANI layer can modify the interface between ITO and the redox polymer solid film to 
improve the charge transport performance. 
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